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Experiments with ultrashort magnetic field pulses require thin ferromagnetic films because the classical skin depth for the penetration of ex H H into a metal is ≈ 300 nm for a rise time of 1 ps. The magnetic films used in this study are made of Co with a thickness of 20 nm.
Two types of Co films are used, both of which exhibit a uniaxial anisotropy in the plane of the film. One Co film (Co I) was deposited by dc magnetron sputtering on a MgO(110) substrate. in the plane of the films, determined using the magneto-optic Kerr effect, are 168 and 160 kA/m for Co I and Co II, respectively.
Seed layers of
The magnetic field pulses were generated using relativistic electron bunches of the Final Focus Test Beam facility at the Stanford Linear Accelerator Center as described previously (4, 5) . The finely focused electron pulse is capable of producing magnetic fields of several thousand kA/m strength and on a micrometer scale. The premagnetized samples were exposed to several pulses at different locations, allowing us to investigate the influence of the pulse length on identical samples. Before each run, the length of the electron pulse was selected and its spatial extent determined at the location of the sample. The number N of electrons per pulse was recorded on a shot-by-shot basis using two toroids in the beam line.
The temporal pulse lengths t σ were 2, 3, and 4.4 ps.
The electromagnetic fields in the wake of the electron pulse generate considerable destruction in the thin-film samples, but it is limited to distances m R µ 13 ≤ from the center.
As shown in previous experiments (4, 5) is not equal to zero and is transferred directly from the magnetic sample to the source of the magnetic field, such as the magnetic recording head. No fundamental limit seems to exist for the time interval over which the magnetic field pulse must be applied to induce magnetization reversal, given it has the right amplitude. On the other hand, in conventional magnetization reversal the average torque is equal to zero. In this case, the angular momentum induced by the reversal process must be absorbed by the phonon lattice, a process that is governed by the rate of energy exchange between the lattice and the magnetic system. Thus, the spin lattice relaxation time is the relevant time scale for reversal (9) . The multiple reversals along y=0 at larger field values hint at a second requirement for precessional reversal. At a given pulse length the magnetic field strength must assume a value in a rather narrow interval, and the product (Fig. 4) . Good agreement is found for the chosen parameters.
Whereas the size and overall shape of the pattern are well explained by the calculation, the inner structure is not. The calculated pattern (Fig. 1A) shows a multitude of rings near the center, whereas experimentally the innermost part is homogeneously magnetized along the original direction. We attribute this discrepancy to the magnetostatic energy at charged domain walls: "zig-zag" boundaries separate regions with opposite M H (see inset in Fig. 1 ).
The amplitude of the zig-zag is largest when the boundary is perpendicular to the x-axis. This is known as the head-on configuration of M H and has been extensively studied. It occurs in single-crystalline samples and is caused by the large magnetostatic energy of the head-on configuration. In contrast a regular 180°wall is formed at the boundary running parallel to the x-axis. Note that the zig-zag boundary is not reproduced by the calculation because the longrange dipolar interaction between different cells is neglected. The calculated pattern in C.H. Back et al., page8 Fig. 2A shows that the reversed (black) part becomes increasingly thinner as the center is approached. At some point, the white areas will overlap due to the zig-zag boundaries. The overlapping leads to annihilation of the thinner black reversed areas. Such annihilation might then explain why only two black reversed areas are observed. The inset in Fig. 1B shows a gradual transition, indicating a structure dominated by grains. Owing to the reduced crystallinity of Co II, zig-zag walls are not formed. Correspondingly, a stable reversed area is seen much closer to the center of the structure.
We note that the radii of the experimentally observed inner rings are not exactly 
